In the secretory granules of the adrenal chromaffin cells, catecholamines are stored in combination with proteins, lipids and ATP (SMITH and WINKLER, 1972; WINKLER, 1976) . There seems to be fairly ample biochemical data which indicate that these substances are discharged all at once by a process of exocytosis (SMITH and WINKLER, 1972; VIVEROS, 1975) in which pores are formed at the junction of the granule membrane and the cell membrane through which the granule contents are released. Since various types of stress are known to lead to a drastic depletion of catecholamines from the adrenal medulla, it seemed reasonable to expect an increased incidence of exocytotic figures in the adrenal chromaffin cells in the stressed animals. Restraint plus water immersion stress has been employed by previous authors for producing a category of gastric ulcers termed "stress ulcers" in experimental animals (TAKAGI, KASUYA and WATANABE, 1964; TAKAGI and OKABE, 1968) . We thought it worth while to apply similar procedures for the ultrastructural invetigation of adrenal chromaffin cells.
MATERIALS AND METHODS
Adult male mice of dd strain (fed normally, 40 weeks old, weighing 39 to 52g) were supinely fastened by the limbs with pins on a board (Fig. 1) . The boards were then made to stand vertically and immersed in water to the depth of the hind feet of the animals. The temperature of restraint plus water immersing procedures were employed by previous authors for experimentally producing so-called stress ulcers in the stomach (TAKAGI et al., 1964: TAKAGI and OKABE. 1968) .
The mice killed by cervical dislocation after 8 (three mice), 17 (two mice) and 22 hrs' stress (four mice), were perfused from the left ventricle of the heart with 2.5% glutaraldehyde in 0.1M phosphate buffer of pH 7.4. After several minutes of perfusion the adrenal glands were removed to be fixed by immersion in the same glutaraldehyde solution overnight and fixed again for 2hrs in 1% OsO4. Dehydration was performed using ethanol and propylene oxide, and embedding was done in Araldite. Ultra-thin sections made by a Porter-Blum MT-2 ultramicrotome were double-stained to the method described by BATTAGLIA (1969) .
As the controls, adrenal glands obtained from four normal mice of the same strain and of the same age were examined by the same method without applying the restraint plus water immersion stress.
RESULTS
No animals died during the stress.
No superficial injuries were observed except those on the limbs suffered from pinning.
Autopsy showed that the stomach of all the stressed mice contained coffee residue-like material which indicated the existence of stress ulcers.
Light microscopy
In the normal control mice, the cytoplasm of NA cells contained abundant granules which stained brown to black with ammoniacal silver. The argentaffin granules were so crowded that discrimination of individual granules was not easy (Fig. 2) . A narrow granule-poor area was present in the perinuclear region as shown by arrows in Figure 2 . NA cell granules were intensely stained with toluidine blue. SGC cell granules were fine and stained brown with ammoniacal silver. They were localized along the periphery making an outline of the cell. A cells were filled by nonargentaffin (clear) granules but contained only a few argentaffin (dark) granules which probably represented secondary lysosomes. In the stressed mouse, the adrenal chromaffin cells were considerably reduced in size (compare Figures 2 and 3 ). Both A and NA cells showed various degrees of degranulation.
A few chromaffin cells still contained a large number of cytoplasmic granules, while others possessed very few or none. There was every gradation between the two extremes with regard to the number of the cytoplasmic granules. It was often difficult to distinguish A cells from NA cells when they contained few or no granules.
It was not always possible by light microscopy to identify SGC cells under this condition.
Electron microscopy
In the double-stained ultra-thin sections from glutaraldehydeand osmium tetroxidefixed adrenal medulla of the mouse, three types of chromaffin cells were identified firstly by the fine structure of their secretory granules (COUPLAND, KENT and KOBA-YASHI, 1977; COUPLAND, KOBAYASHI and TOMLINSON, 1977; KOBAYASHI and COUPLAND, 1977; KOBAYASHI et al., 1978) .
About 70 percent of the total chromaffin cells were A cells characterized by the rounded secretory granules of 170-350nm in diameter filled with fine-granulated particles.
The second type, NA cells, formed about 25 percent of the total chromaffin cells. They possessed secretory granules of irregular shapes with a solid and extremely electron opaque content. The contents rarely filled the whole granule but a surrounding space or halo was intercalated between the limiting membrane and the core. The third type of chromaffin cells was the SGC cell containing small secretory granules of 100-230nm in diameter.
The core of the secretory granules was of a density between that in the NA and A cells. The SGC cells occupied 1-5 percent of the total population of the adrenal chromaffin cells. The SGC cells contained not only the secretory granules but also so-called synaptic type vesicles . These vesicles were 40-70nm in diameter and contained electron-dense substances along the limiting membrane and were frequently aggregated in the perinuclear cytoplasm.
Fine structure of the secretory granules was different from granule to granule in a cell. Although the detailed description on the ultrastructure of the secretory granules is not the purpose of the present paper, it may be worthy to note that there were profiles of secretory granules containing vesicular inclusions of various appearances (Fig. 7) .
After 8 to 22hrs' exposure to the restraint plus water immersion stress, a heavy degranulation took place in the adrenal chromaffin cells of all the mice examined. As shown in Figures 5 and 6 , there were chromaffin cells containing no or extremely few secretory granules which was never the case in the normal control mice. Thus identification of cell types (A, NA or SGC) was practically impossible (see Fig. 6 ). Chromaffin cells with few granules occurred intermingled with those containing various numbers of secretory granules.
In the heavily degranulated chromaffin cells, single cilia, mitochondria, microtubules, cisterns of granular endoplasmic reticulum and Golgi complexes were the most prominent cytoplasmic structures. Multivesicular bodies were frequently seen especially near the Golgi complex ( shaped invaginations. Most of these exocytosis profiles contained a granular material showing varying internal structure but some of them appeared empty (Fig. 8) . In some of the invaginations there were spherical body or bodies of moderate or high electron-density ( Fig. 8b-f) . In other invaginations vesicular inclusions with fine electron-dense precipitations were contained (Fig. 8g, h, k) . Still other invaginations possessed a core which exhibited a membranous substructure (Fig. 8a) .
The exocytosis profiles were much more frequently observed at the free cell surface facing blood capillary or tissue space than between the adjoining chromaffiin cells. Coated pits were often associated with the exocytotic invaginations (Fig. 8d , e, g, h, i). Coated vesicles of 60-100nm in diameter occurred throughout the cytoplasm showing a tendency to be concentrated in the subsurface areas where exocytosis invaginations were often observed. of their limiting membrane was stained with electron-dense precipitations (Fig. 10) . dense core or fibrous/membranous material) from the adrenal chromaffin cells have been reported in the normal hamster (DINER, 1967; GRYNSZPAN-WINOGRAD, 1971 , 1975 BENEDECZKY and SMITH, 1972) . Infrequent occurrence of exocytotic profiles has also been reported in species other than the hamster including the rat (COUPLAND, 1965; Fig. 9 . A portion of the cytoplasm of an adrenal chromaffin cell of the mouse after 22hrs' stress.
Vesicles (v) with fine granular cores are abundantly seen on the right side of this picture.
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Stress-Induced Degranulation of Adrenal Chromaffin Cells 385 SMITH and VAN ORDAN III, 1973; UNSICKER, 1973) . In experimental condition after an injection of reserpine in the rat or mouse ELFVIN (1965 , 1968 ) and FUJITA (1974 noted the occurrence of granular substances with a limiting membrane-like layer in the characteristic invaginations of the plasma membrane. ELFVIN (1965 ELFVIN ( , 1968 suggested that these extra-cellular particles were formed by the protrusion of the plasma membrane, whereas FUJITA (1974) gave no decisive opinion. We would like to interprete these particles as secretory granule substances extruded into the extracellular space. The reasons for this interpretation are as follows:
(1) As shown in Figure 7 the profiles of the secretory granules of the chromaffin cells frequently contain membranous structures which appear identical to those constrongly suggests that granule substances extruded into extracellular space may form vesicular structures when they react with the fixatives.
Thus, the membranous structures described by ELFVIN (1965 ELFVIN ( , 1968 and FUJITA (1974) should be regarded as secretory granule cores discharged into the extracellular space by exocytosis.
(2) "Typical" examples of exocytotic profiles were frequently observed in the present study as shown in Figures 7 and 8 . The pleomorphism of the secretory ganule contents within the exocytotic invagination may represent stages of their gradual disintegration after the granule sac has opened to the extracellular space. (1963, 1964) after reserpine injection in the hamster reported that the adrenal chromaffin cells contained a large number of cytoplasmic vesicles with or without a dense interior. These authors noted no exocytotic signs so that the granules were thought to become smaller due to a loss of electron-dense materials from the granule content to change into cytoplasmic veicles. Hence YATES (1964) proposed that catecholamines could be released from the medullary cells through the granule membrane, cytoplasmic matrix and cell membrane without disappearance of the granule outline.
On the other hand, DINER (1967) who noted the presence of coated pits in the that the granule release from the chromaffin cell takes place by exocytosis and that exocytotis-linked coated pits are transformed into coated vesicles which are believed to lose their coating. Numerous coated pits and vesicles found in the present study in association with the exocytotic invagination of the cell membrane resembled those described by GRYNSZPAN-WINOGRAD (DINER, 1967; GRYNSZPAN-WINOGRAD, 1975) . It seems likely that these vesicles play a role in the membrane retrieval necessary for the chromaffin cells after stress-evoked exocytosis.
The granule membrane may remain as cytoplasmic vesicles after being recaptured as the coated pits and vesicles (GRYNSZPAN-WINOGRAD, 1975 ). Thus, a marked increase in the number of cytoplasmic vesicles may be regarded as an associated event of a drastic exocytosis.
In the previous paper we have reported that SGC cells of the mouse adrenal medulla contained small synaptic-type vesicles in addition to the characteristic secretory granules KOBAYASHI et al., 1978) . Similar occurrence of two populations of microvesicles has also been reported in the neurosecretory terminal in the neurohypophysis, pinealocyte, carotid body chief cell and gustatory cells of the taste bud (see KOBAYASHI, 1977) . Although it is still premature to discuss the interrelationship between the synaptic-type vesicles in the SGC cells and the cytoplasmic vesicles found in the degranulated chromaffin cells, we may well wonder whether the exocytosis-associated formation of the cytoplasmic vesicles is specific to mouse adrenal chromaffin cells. It may be useful to re-examine the fine structure of all the members of peptide/amine secreting neuro-endocrine relatives with special attention to the accumulation of cytoplasmic vesicles after acute, exhaustive release of their hormones.
